Introduction {#sec1-1}
============

Infants and children undergo imaging studies to evaluate a wide variety of congenital and acquired disorders. The first imaging study is conventional radiographs; sometimes they are performed with the need for additional imaging which is guided by the plain film findings and clinical presentation. Because children are usually less cooperative and their feet are smaller than adults, special care is needed when choosing and interpreting an imaging study. Imaging protocols have to consider the patient's comfort, level of anxiety, and smaller size. For instance, children younger than 7 years of age usually require sedation and continuous monitoring during MR imaging; with regard to infants is needed positioning devices for conventional radiography. Furthermore, the bones become progressively more ossified as children grow-up and this must be considered when selecting and interpreting imaging studies. In this article, we review common injuries and unusual disorders of a child's foot and include a discussion on differential diagnosis: sesamoiditis, Kohler's disease, Freiberg infraction, Sever's disease, tarsal coalition, osteomyelitis, septic arthritis and tumors that might mimic a fracture. Knowledge of the anatomy and significance of accessory bones of the foot and disorders of the growing foot skeleton are helpful in managing injuries of child's foot ([@r1]-[@r5]).

Imaging {#sec1-2}
=======

The first imaging study is usually made with plain radiographs. The routine radiographic examination of the foot includes the anteroposterior (AP), lateral, and oblique projections ([@r6]-[@r10]). In cases of suspected talocalcaneal coalition, it is often performed a Harris view of the calcaneus to evaluate the subtalar joint. Standing views provide the most reliable information about alignment and are required when evaluating children with clubfoot deformity. In infants, simulated standing techniques are necessary to assess the relationships between the ossification centers in the hindfoot and midfoot. This technique uses AP and lateral views and a solid plastic form to maintain the infant's foot in forced dorsiflexion to allow correct position of the foot ([@r11]-[@r15]). In children with suspected tarsal coalition, CT in the axial and coronal planes is performed. CT is also helpful in delineating the components of a fracture and in identifying the nidus in osteoid osteoma ([@r16]-[@r18]). Sonography has been used to visualize the non-ossified tarsal bones in infants with congenital foot anomalies. Magnetic Resonance imaging provides excellent anatomic detail of cartilage, vasculature and soft tissue thanks to superior soft tissue contrast and spatial resolution, so is valuable in many situations, including identifying the cartilaginous structures in the infant's foot during evaluation for clubfoot or skew foot, delineating articular cartilage, assessing the status of osteochondral fractures, and in the evaluation of avascular necrosis ([@r19]-[@r25]).

1. Congenital diseases {#sec2-1}
----------------------

### 1.1 Congenital clubfoot {#sec3-1}

Congenital talipes equino-varus, or congenital clubfoot, is one of the most common abnormalities involving the foot.

Clubfoot has been classified into four types: teratologicpositionalcongenitalsyndromic

The teratologic form is found in children with other underlying disorders, such as myelodysplasia and arthrogryposis.

Positional clubfoot deformity can result when a normal foot is maintained in an abnormal position in utero.

Congenital clubfoot is the most common form of this disorder and occurs in approximately 1:1000 live births. This deformity is usually isolated. It is more common in boys and may be bilateral in up to 50% of cases. The cause of congenital clubfoot is uncertain, but is thoughts it may be related to a deformity of the talus. Some studies have suggested a neuromuscular origin, they state that abnormal types and number of muscle fibers, changes in collagen synthesis, vascular hypoplasia, and some possible defects in anterior horn cells have been reported in infants and fetuses with clubfeet. Several anatomic components of the clubfoot deformity have been described. These include lateral rotation of the talus in the ankle joint, medial rotation of the calcaneus, talar and calcaneal equinus, medial subluxation of the navicular, medial subluxation of the cuboid, and multiple soft tissue contractures. Clinical evaluation of the infant clubfoot concerns in a variable degree of inflexibility; hindfoot varus and equinus; forefoot adduction; mild calf atrophy; and mild hypoplasia of the bones of the foot, tibia, and fibula.

There are some difficulties in positioning the foot for plain radiographs and MR imaging or the inability to visualize the cartilaginous anlage on CT, so the preoperative imaging assessment of the child with congenital clubfoot can be complicated. Radiographs have been the traditional method to evaluate the foot before repair. To perform AP and lateral projections, positioning devices have to be used to obtain forced dorsiflexion views of the foot. The position has to be as close to anatomic position as possible. This also applies to MR and CT imaging. Onradiographs, the talocalcaneal angle is measured on both the AP and lateral projections. Normally this angle is between 20 and 40 degrees on the AP view and 35 and 50 degrees on the lateral view. In clubfoot with hindfoot equinovarus, the angle is reduced on both projections because of the abnormal relationship between the talus and the calcaneus ([@r26]-[@r28]).

In the infant foot, however, a large percentage of the foot is cartilaginous and CT does not adequately define the nonossified portions of the tarsals or the intertarsal joints.

MR imaging with its superior soft tissue contrast has proved to be valuable in preoperative evaluation. In fact, it can clearly demonstrate the ossified and cartilaginous portions of the tarsal bones and the intertarsal joints. However, the deformed clubfoot, is difficult to evaluate in standard orthogonal planes, so multiplanar reconstruction techniques should be used to classify the severity of clubfoot deformities. By the use of this multiplanar reconstruction software, images of even the most deformed foot can be rotated and adjusted until the tibiotalar joint, talocalcaneal joint; moreover talonavicular and calcaneocuboid relationships can be assessed in near anatomic planes ([@r28]-[@r32]). Wang et all. found that to have high-resolution images, data have to be acquired in three dimensional data sets. Slice misregistration was a problem for data acquired in two-dimensional sequences, otherwise, onthree-dimensional T2-weighted images, cartilage could be clearly distinguished from adjacent soft tissue; the joint spaces were well-delineated on T1-weighted images and with inversion recovery pulses sequences were also beneficial in distinguishing cartilage from soft tissue and delineating the joint spaces. The drawback to complex multiplanar reconstruction evaluations is the time required for postprocessing, reported to be up to 35 minutes per case, depending on user familiarity with the program.

It is possible to identify clubfoot deformity with prenatal ultrasound and prenatal MR imaging. Both methods are valuable in detecting and assessing the severity of clubfoot deformity and identifying associated abnormality. Both imaging modalities may be used to assess fetuses with complicated diagnostic situations, when the maximal data are necessary for prenatal and perinatal management of a pregnancy.

Treatment of clubfoot usually begins with nonoperative management, including physical therapy, splints, and serial casting. If correction has not been achieved by 3months of age, surgical treatment is indicated. The success rate for conservative management is low, approximately 5%. Surgical management includes a combination of soft tissue releases, tendon transfers, and osteotomies, (tendon transfers and bony procedures, that are most often used for recurrent deformities). Complete soft tissue release is the most common initial surgical procedure and includes release of posterior, medial, lateral, and anterior structures and incision of plantar soft tissues. Most repairs include the use of an internal fixation Kirschner wire, to maintain alignment across the talonavicular joint.

Most surgical treatments are performed when the patient is about 6 months of age. This is controversial, however, because some orthopedic surgeons believe that the ideal time for surgical treatment is when the child is between 3to 6 months of age and others suppose that 9 to 12 months is better. Early surgery proponents consider that more opportunity exists for growth and remodeling during the first year, with resultant better correction and greater stability. Late surgery proponents argue in favor of the larger size of the foot and safer anesthesia. Satisfactory outcomes are achieved in 72% to 88% percent of surgical repairs.

Following initial repair of the clubfoot, the most common problem is a dynamic or fixed cavovarus deformity. Correction of the dynamic deformity is usually achieved with a tibialis anterior transfer. Fixed cavovarus deformity may require additional soft tissue releases and osteotomies. Complications of clubfoot surgery include wound dehiscence, infection, damage to the neurovascular bundle, and avascular necrosis of talus and less commonly the navicular. Rocker-bottom foot results when the equinus deformity is corrected without sufficient derotation of the calcaneus on the talus. This severe complication is difficult to resolve without surgical manipulation. Asthe child grows, calf atrophy, leg length discrepancy, and small foot size may become apparent, although the degree of asymmetry is usually not severe.

### 1.2 Metatarsus adductus and skewfoot {#sec3-2}

Adduction of the forefoot is one of the most common foot deformities found in children. Metatarsus adductus consists of adduction of the forefoot, with normal alignment in the midfoot and hindfoot. Most cases resolve spontaneously and require no treatment or radiographic evaluation. However, in severe cases, stretching or serial casting may be needed. Operative management may be needed in children older than 4years of age or in cases resistant to more conservative treatment.

Skewfoot is considered to be a severe form of metatarsus adductus, includes valgus alignment in the hindfoot, lateral subluxation of the navicular, and adduction of the metatarsals. Although some skewfoot correct spontaneously as the child grows, children with skewfoot require conservative or surgical management more often than those with metatarsus adductus. Skewfoot resembles metatarsus adductus on physical examination and it is difficult to distinguish between in the chubby infant foot. The radiographic evaluation is limited by the lack of ossification in the tarsals, while MR imaging has proved to be very valuable defining the tarsal positions in infants whose bones are not ossified. Hubbard et all. were able to delineate lateral displacement of the navicular relative to the talus and medial subluxation of the first metatarsal on the medial cuneiform. They compared these relationships with radiographs and found that when the base of the first metatarsal is lateral to the midtalar axis, the navicular is laterally subluxed on the talus. This finding helps to distinguish between metatarsus adductus and skewfoot. Treatment of resistant skewfoot includes serial casting, whilst symptomatic skewfeet usually require surgical correction.

### 1.3 Flatfoot and congenital vertical talus {#sec3-3}

Flatfoot is a descriptive term that includes several different causes that lead to valgus hindfoot and planovalgus foot. Flatfoot includes valgus rotation of the calcaneus on the talus with a resultant vertical alignment of the talus and flattening of the longitudinal arch of the foot. Flatfoot may be flexible or rigid. Flexible flatfoot or pronated foot is believed to be caused by ligamentous laxity permitting abnormal motion in the hindfoot. It is very common and usually asymptomatic. On radiographs, increased talocalcaneal angle is present on AP and lateral projections. Flatfoot may also be found in conditions with abnormal muscle tone, such as cerebral palsy, and rigid flatfoot with peroneal muscle spasm may be seen in tarsal coalition ([@r33]).

Congenital rigid flatfoot or congenital vertical talus is the most severe type of congenital flatfoot. It is characterized by dorsal dislocation of the navicular on the talus, vertical position of the talus, and plantar flexion of the calcaneus. Both the talus and the navicular have an abnormal profile: the navicular is wedgeshaped and the talar head is flattened. Half of patients with this deformity have other abnormalities, such as arthrogryposis, neurofibromatosis, myelomeningocele, and trisomies. On lateral radiographs it is possible to see the talus that lies almost parallel to the long axis of the tibia and the calcaneus, that is plantar flexed. These relationships remain fixed with plantar and dorsiflexion. MR imaging shows the relationships between the cartilaginous anlage of the tarsal bones before they are visible on radiographs. Treatment usually requires surgical management because conservative therapy with serial casting has not proven to be effective ([@r34]-[@r41]).

2. Osteochondral lesions {#sec2-2}
------------------------

### 2.1 Osteochondritis dissecans of the talus {#sec3-4}

Osteochondritis dissecans of the talus is a transchondral fracture resulting from a torsional impaction of the tibia or the fibula on the articular surface of the talus; it may result in a medial or lateral talar fracture. Frequently, but not invariably, there is a history of a traumatic event involving inversion and dorsiflexion in case of a lateral defect or eversion and plantar flexion in the medial talar fracture. This lesion is most commonly found in boys in the second decade and most cases are unilateral.

Conventional radiography is the most common imaging modality used in the setting of ankle pain. In osteochondritis dissecans of the talus, a small focus of heterogeneous density or a small fracture line is seen in the medial or lateral aspect of the talar dome on the AP or mortise view of the ankle. Abone fragment may be visible. Traditionally, radiography has been used to grade osteochondritis dissecans of the talus; however, with the increase in diffusion of MR imaging, it is developed an MRI grading system.

In stage I, the articular cartilage over the lesion is thickened and the signal intensity in the cartilage is decreased. In stage II, there is disruption of the cartilage with decreased signal surrounding the fracture fragment. In stage III, increased signal intensity surrounds the fragment indicating extension of synovial fluid between the fragment and underlying bone. Stage IVshows a loose body. MR imaging provides information that helps to determine fragment viability and directs the treatment and it is also useful if post-operative follow-up is required.

The treatment for osteochondritis dissecans varies with the severity of the abnormality. Children and adolescents generally respond well to limitation of activity and immobilization. If there is separation of the fragment, however, early intervention is recommended and includes percutaneous drilling and arthroscopy or open surgery for removal of separated fragments.

Osteonecrosis of talar dome can mimic osteochondritis dissecans on MR imaging. However, the presence of a predisposing condition, such as talar neck fracture, corticosteroids, or vasculitis, and the presence of the characteristic double- rim sign on MR imaging with hyperintense inner rim and hypointense outer rim on T2-weighted images, makes differentiation easier.

Another differential diagnosis is possible in case of focal subchondral edema which is seen in both acute and chronic injury and following high-intensity exercise. They show up as ill-defined areas of high signal on T2-weighted sequences. These findings may persist for months after resolution of symptoms. In contrast to lesions with ill-defined reticular margin, well-defined subchondral lesions have about 50% chance of progressing to focal cartilage loss.

### 2.2 Other osteochondroses and osteonecroses {#sec3-5}

Common locations for osteochondroses and osteonecrosis in the foot include the tarsal navicular (Kohler disease) and the head of second or third metatarsal (Freiberg infraction).

-   Kohler disease is an abnormality of endochondral ossification. Clinical presentation includes swelling, erythema, and tenderness along the medial foot. It is more commonly seen in boys between 3 and 10 years of age and may be bilateral in up to 25%. Diagnosis is based on clinical and radiographic findings, which shows sclerosis and fragmentation of the navicular ossification center, with preservation of surrounding cartilage.

-   Freiberg infraction is traumatic osteonecrosis. The second metatarsal head is most commonly involved, followed by third metatarsal. It commonly affects adolescent girls, presenting with focal pain and tenderness. Plain radiographs are used for diagnoses, which show sclerosis and flattening of the metatarsal head, with increase in the metatarso- phalangeal joint space. MR imaging is used when radiographs show atypical images or when alternative etiologies, such as osteomyelitis or stress fracture, are considered. MR imaging shows low signal on both T1- and T2-weighted images, depending on the level of avascular sclerotic bone. It usually associates with joint effusion at the metatarsophalangeal joint, with edema in surrounding soft tissues.

3. Sever's disease (calcaneal apophysitis) {#sec2-3}
------------------------------------------

Sever's disease, also known as calcaneal apophysitis or calcaneoapophysitis, is a traction epiphysitis of the calcaneal apophysis, a cartilagineus growth center onto which inserts the Achilles tendon. It is more common in girls aged approximately 5 years and in boys aged 7 to 8 years. The growt center fuses in girls aged approximately 13 years and in boys aged 15 years. The most common etiologic theory of Sever's disease consider it as an overuse syndrome from repetitive microtrauma derived by increased traction on the apophysis. It's caused by running and jumping, which can induce avulsion fractures, followed by inflammation. The apophysis is thought to be more susceptible to injury for the rapid proliferation of cells in growth plates. Common in male child 10 to 12 years old, during growth spurt, they experience: pain over the apophyseal area of one or both heels and limited ankle joint dorsiflexion and biomechanical deformity; increased activity will worsen the pain and often, at the end of physical activity, the child will limp in order to take weight off the affected heel.

The radiographic imaging is not an adequate technique to diagnose this patology but the symptomatic fragmented apophysis usually is more dense than the asymptomatic apophysis; this testify inflammation. Radiographs are useful in differential diagnosis to exclude fractures and tumors ([Fig. 1](#F1){ref-type="fig"}). Some authors described increased fragmentation of the calcaneal apophysis in the Sever's disease, which suggests greater mechanical stress during a vulnerable period, but not inflammation. In particular, MRI showed right calcaneal apophysis alterations, as: fragmentation (which was better seen on T1 weighted-images), hyperintensity consistent with edema on fat saturated T2 weighted-images and enhancement following contrast administration on fat saturated T1 images. Other causes of musculoskeletal adolescent heel pain include achillobursitis, tenosynovitis, ankle sprains or peritendinitis, retrocalcaneal exostosis or bursitis, and plantar fasciitis.

![X-ray examination in different projections in a case of Sever-Blanke osteochondrosis in patient with calcaneodynia. It show sclerotic and slightly diastasis appearance of the calcaneal growth nucleus](ACTA-89-34-g001){#F1}

4. Tarsal coalition {#sec2-4}
-------------------

Tarsal coalition is a congenital bridging of two or more tarsal bones. The bridging may be fibrous (syndesmosis), cartilaginous (synchondrosis), or osseous (synostosis).

The incidence of tarsal coalition is classically thought to be approximately 1%; however, many Authors think that this is an underestimate as only the symptomatic cases come to attention ([@r42]). For example, cadaveric series has described an incidence of up to 13% ([@r43]-[@r45]).

Osseous coalition is generally evaluable on cross-sectional imaging ([Fig. 2](#F2){ref-type="fig"}). Cartilaginous and fibrous coalitions may be more subtle on cross-sectional imaging, but generally are associated with some osseous deformity along the margin of the coalition ([@r46]). Tarsal coalitions are thought to be due to a failure of mesenchymal differentiation and segmentation, resulting in failure of normal tarsal joint formation ([@r47]-[@r49]). A possible autosomal dominant form of inheritance with variable penetrance has been proposed ([@r50], [@r51]). Most commonly, tarsal coalitions are observed in late childhood or adolescence. This is probably due to the fact that osseous coalitions usually ossify when patients are 8--16 years old, leading to restricted motion and subsequent symptomatology ([@r42], [@r52], [@r53]). In particular, calcaneonavicular coalitions occur in younger patients than talocalcaneal coalitions (8-12 years old versus 12-16 years old) due to the different normal ossification patterns of the tarsal bones ([@r44], [@r54]). The condition is bilateral in 25-50% of cases, although the two sides do not necessarily need to be symptomatic ([@r55]-[@r58]). Tarsal coalitions may clinically manifest as tarsal or hindfoot pain and stiffness, decreased subtalar motion, valgus deformity, and non-healing ankle sprains ([@r49], [@r59], [@r60]). Symptoms of coalition include peroneal spastic flatfoot, rigid flatfoot attributed to peroneal spasm, or adaptive peroneal shortening in response to heel valgus ([@r44], [@r61]). Treatment options range from conservative to surgical. More conservative options include arch supports for minor symptoms, a short-leg walking cast for immobilization in neutral or a slight varus position with decreased activity, and/ or anti-inflammatory medications. Surgical treatments are typically reserved for recalcitrant cases, and surgical options include resection of an abnormal osseous bar with arthrodesis or primary arthrodesis ([@r44]). Radiographic imaging of tarsal coalition is generally the first imaging test performed, as it is readily available and relatively inexpensive. There are several direct and indirect findings that may be seen in the setting of tarsal coalition. CT and MR imaging characteristics are remarkably similar.

![Multidetector computed tomography with MPR reconstruction in axial and coronal plane of medial calcaneal astragalus synostosis](ACTA-89-34-g002){#F2}

Radiographic findings in the setting of tarsal coalition may be divided into direct and indirect findings. Direct findings demonstrate an osseous continuity between two tarsal bones in the setting of osseous coalition. Indirect findings are more subtle. In the case of non-osseous coalitions, the two involved bones can demonstrate abnormal narrowing and irregularity of the involved joint space, which may radiographically appear to be degenerative changes. The patient's age may also a clue to the interpreter, as sometimes these degenerative changes will be present in a relatively young patient. Additionally, numerous signs indicative of tarsal coalitions have been described, including the talar beak sign, C sign, drunken waiter sign, absent middle facet sign, and anteater sign.

Depending on the type of coalition that is present, different CT findings will be present. Osseous coalitions are mostly straightforward and will demonstrate abnormal osseous continuity of the two bones. Non-osseous coalitions are generally more subtle and manifest as abnormal narrowing of the joint space with minimal marginal reactive osseous changes. Sometimes, non-osseous coalitions have an imaging appearance similar to osteoarthritis, with joint space narrowing, eburnation, and subchondral cystic changes in one of the tarsal joints in an otherwise normal, non-arthritic appearing foot. As previously mentioned, the patient's age may also clue in the interpreter.

MR imaging demonstrates various abnormalities, depending on whether the coalition is osseous, cartilaginous, or fibrous. In osseous coalitions, bone marrow signal will continue across the fused articulation, seen as high signal intensity on T1-weighted images and low-signal intensity on T2-weighted fat-suppressed images, similar to normal bone marrow. Non-osseous coalitions demonstrate narrowing of the affected joint space, and irregularity of the bone interface is a common feature of cartilaginous and fibrous coalitions. Commonly, there may be bone marrow edema in the region of the coalition ([@r62]). In addition, cartilaginous coalitions will generally have signal intensity similar to fluid or cartilage, which will manifest as intermediate T1 signal and intermediate to-hyperintense T2 signal. On the contrary, fibrous coalitions will show low-signal intensity on all pulse sequences across the affected joint. While the findings of cartilaginous versus fibrous coalitions can at times be easy to define, many times the imaging characteristics are difficult to definitively categorize; in these cases, we prefer to state that there is a non-osseous tarsal coalition with findings that preclude definitive characterization.

5. Pediatric foot fractures {#sec2-5}
---------------------------

Foot fractures represent 5% to 8% of all pediatric fractures and approximately 7% of all physeal fractures. They usually have good prognosis and are treated non operatively with good results, but potential pitfalls in the treatment of Lisfranc fractures, talar neck and body fractures. In these cases it must be anticipated or avoided if possible ([@r10], [@r63]-[@r68]).

Evaluation of fractures of the foot in children can be challenging, because the mechanism of injury sometimes in unknown; moreover bony injury may not be easily evident in largely cartilaginous tarsal bones, accessory bones and apophyses. ([@r69]-[@r76])

### 5.1 Accessory bone and sesamoid {#sec3-6}

Accessory bone and sesamoids are normal findings but can be wrongly considered as fracture. Sesamoids and accessory ossicles usually have rounded smooth borders and are nontender, in contrast to fracture, which have sharp ragged edges and are tender. CT scans are useful to delineate the anatomy more clearly. MRI imaging shows the surrounding bone edema and aid in differentiating between fractures and sesamoid or accessory bones. The more frequent examples of accessory bones and sesamoid are: Os trigonum: accessory ossicle located close to the posterior process of the talus and may be mistaken for a fracture of the posterior process.Accessory navicular: accessory ossicle adjacent to the posteromedial navicular tuberosity.Hallux sesamoids: accessory ossicles located within medial and lateral slips of the flexor hallucis brevis. The medial or tibial sesamoid is larger and may be bipartited in up to four. They are subjected to pathological conditions including acute trauma, osteonecrosis and degeneration. Ossification at 8-10 years.Os peroneum: sesamoid bone in the peroneus longus tendon, near calcaneocuboid joint. Acute pain after fracture due to superfical peroneal nerve compression.Os intermetatarseum: as a free ossicle or as a spur between medial cuneiform and bases of the first and second metatarsal. When fractures are diagnosed, care should be taken to exclude Lisfanc injury ([@r69]).

### 5.2 Sesamoiditis {#sec3-7}

Repetitive injury to the plantar aspect of the forefoot can produce a sesamoiditis, which is a painful inflammatory condition. MR imaging findings in the marrow of the sesamoid bones include decreased or normal signal intensity on T1-weighted images and increased signal intensity on STIR images, similar to those caused by a stress response. If the signal intensity of the sesamoid bones is abnormal on STIR, but normal on T1-weighted images, sesamoiditis is a more probable diagnosis than a stress response. Involvement of both sesamoid bones also favors a diagnosis of sesamoiditis. Reactive soft-tissue abnormalities including tendinitis, synovitis, and bursitis are characteristic findings in sesamoiditis and are useful differentiating features ([@r48]).

### 5.3 Fractures of talus {#sec3-8}

The most common injury in children is a fracture of the neck of the talus, but also body, medial or lateral process and osteocondral injuries are possible. The major blood supply to the talus branches is guaranteed by the posterior tibial, dorsalis pedis and peroneal arteries. The interosseus tarsal canal contains the vascular anastomotic ring formed between the artery of the tarsal canal and the artery of the tarsal sinus ([@r42], [@r77]). Displaced fractures of the neck with disruption of this vascular ring have the potential for the development of avascular necrosis. Because the high cartilage-to-bone ratio in children, it is more resilient and resist bending forces than in adults ([@r78]). Most fractures of the talar neck result from forced dorsiflexion of the foot when the neck impinges against the anterior lip of the tibia; an associated fracture of the medial malleolus suggests a supination mechanism ([@r44]). Risk of avascular necrosis rise if the fracture is displaced and it can develop between a few weeks up to 6 months. Pain and swelling of the ankle and inability to bear weight are common symptoms. In undisplaced fractures, local signs may be absent ([@r79]-[@r81]).

Plain radiographs consisting of AP, lateral and oblique views and it should be done routinely. Canale and Kelly described a technique to obtain an improved view in AP projection: the foot is pronated to 15° and the x-ray tube is angled 75° to the tabletop ([@r82]). AP projection is helpful to find the "Hawkins's sign", subchondral lucency of the talar dome that occurs secondary to subchondral atrophy ([@r43]). This indicates that there is sufficient vascularity in the talus, and is therefore pathognomonic for absence of avascular necrosis. It can occurs 6-8 weeks after a talar neck fracture and can be complete or incomplete ([@r83]). However, absence of Hawkins's sign does not necessarily indicate avascular necrosis in children and a MRI monitoring is needed. Magnetic resonance and bone scans may be useful during follow-up after treatment to monitor vascularity. Undisplaced fractures should be followed up for at least 18 months after injury. Displaced fractures and those with avascular necrosis need longer follow-up ([@r51]).

### 5.4 Fractures of metatarsal {#sec3-9}

They are the most common injuries in pediatric foot. They results from direct or indirect forces. Indirect or torsional forces usually produces fractures of the neck, and direct forces can fracture the shafts of the metatarsal. Children manifest swelling, pain and bruising of the forefoot. Fractures near the physis may affect the longitudinal growth and may lead to shortening and deficiency of the medial longitudinal arch. Avulsion fracture of the base of the fifth metatarsal is the most common isolated injury of the foot resulting from inversion or adduction force. Peroneus brevis commonly is responsible for this injury ([@r84]). The fracture line usually is perpendicular to the long axis of the shaft and displacement is minimal and may be confused with an apophyseal center or accessory ossicles (os vesalianum and os peroneum) ([@r85]). The apophyseal center appears around 8 years of age and fusion is complete by 12 years in girls and 15 years in boys. The long axis of the accessory center is parallel to the long axis of the shafts and displacement is minimal ([Fig. 3](#F3){ref-type="fig"}) ([@r69]).

![Traumatic lesions of midfoot with displaced fracture at the base of the I metatarsus (A), and of metatarsal heads of II, III, IV bone (B). X-ray examination is partly limited by poor patient collaboration](ACTA-89-34-g003){#F3}

### 5.5 Jone's fracture {#sec3-10}

They are fractures that involve the proximal diaphysis of the of the fifth metatarsal ([@r69]).

### 5.6 Fractures of phalanges {#sec3-11}

They usually result from object falling on to the foot or stubbing a toe. These injuries heal rapidly within 3 or 4 weeks ([@r69]).

### 5.7 Tarsometatarsal injuries (Lisfranc injuries) {#sec3-12}

The bases of the three medial metatarsals articulate with the three cuneiforms medially and the cuboid supports the two lateral metatarsal. The base of the second metatarsal is recessed proximally in relation to the other tarsometatarsal joints and is well connected through ligaments to all cuneiforms. This joint is critical to the integrity of tarsometatarsal joint complex. Ligaments on the plantar side are stronger than thin dorsal ligaments, that poorly resist tensile forces. Injuries can result from direct forces (object falling onto the foot result in rupture of the strong plantar ligaments and metatarsal displaced in plantar direction with associated severe soft tissue injury) or indirect (violent plantar flexion or abduction force alone or in combination) ([@r59]).

Hardcastle classification ([@r45])

-   Type A: incongruity of entire tarsometatarsal complex in one plane, sagittal, coronal, or combined

-   Type B: partial incongruity that may be medial displacement of the first metatarsal or lateral displacement of the four lateral metatarsal.

-   Type C: the first metatarsal displaces medially and any combination of lateral four metatarsal displace laterally.

Symptoms are pain and tenderness in midfoot region, inability to bear weight and dorsal or plantar ecchymosis ([@r69]).

6. Osteomyelitis {#sec2-6}
----------------

Osteomyelitis of the foot most often results from transcutaneous spread of soft tissue infection that involve bone at a later time. MR imaging findings in osteomyelitis include low signal intensity within the infected bone marrow on T1-weighted images, increased signal intensity on T2-weighted and STIR images, and contrast enhancement following intravenous administration of gadopentetate dimeglumine. Secondary signs include a cutaneous ulcer, cellulitis, phlegmon, soft-tissue abscess sinus tract, and cortical interruption ([@r48]).

7. Septic arthritis {#sec2-7}
-------------------

Septic arthritis is often caused by the spread of infection from an adjacent soft-tissue or bone source. MR imaging findings include increased joint fluid and synovial thickening and enhancement. Marrow signal intensity changes and enhancement in the subarticular bone are similar to those seen in osteomyelitis. These findings are nonspecific and may also be seen in acute neuropathic disease and inflammatory arthritis. Soft-tissue signs of infection support the diagnosis of septic arthritis ([@r48]).

8. Hematopoietic marrow vs bone marrow edema on MRI imaging {#sec2-8}
-----------------------------------------------------------

On pediatric feet MRI images, high-signal T2-weighted bone marrow can be a normal finding, often seen in bone marrow edema, such as transient osteoporosis, trauma, inflammation, infection, vascular diseases, avascular necrosis, primitive and secundary tumors, arthritis, metabolic, iatrogenic, biomechanical factors and abnormal development, but also in hematopoietic marrow. Hematopoietic marrow shows symmetrical distribution (though asymmetries are available) and is more prominently represented as distal, for its specific proximal-to-distal migration pattern (from metatarsal bases to talus and heel) until it is no longer identifiable during puberty (no longer seen in 16 years old children). The changes were most commonly located in the calcaneus (54%), followed by the talus (35%) and navicular bone (35%), rarely plantar fascia insertion on heel or fibula. Hematopietic marrow on MRI imaging is high signal T2-weighted and STIR sequences and intermediate-low on T1 weighted. While the children grow, it becomes brighter than muscle until becomes similar to fat with low signal on T2-fat suppressed sequences. So, high-sensitive fluid sequences are required to highlight residual hematoipoietic marrow, that on T1-weighted could be misunderstood ([@r86]).

Conclusion {#sec1-3}
==========

In conclusion, to evaluate congenital and acquired disorders in infant and children we can principally use plain radiographs, CT and MRI. The first imaging study is usually plain radiographs. After that, according to the clinical and objective signs, guided by the radiographs images, we can be oriented to perform CT imaging or MRI imaging. CT imaging is useful to observe the bones but it has the disadvantage of using radiation and doesn't adequately define the bone's nonossified portions. On the contrary, MRI imaging is very useful in identifying the cartilagineous parts and vascular and soft tissues, thanks to its superior contrast and spatial resolution. The disadvantage is due to the long-term acquisition of the sequences and the collaboration of the patients. Finally, it is important to orientate the diagnostic process keeping in mind the clinical sign of the patient and to use the most appropriate diagnostic technique.
